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The Resolution and Structure of High Reynolds Number Turbulent
Boundary Layers Over Rough and Smooth Walls in Pressure Gradi-
ent

Vidya Vishwanathan

(ABSTRACT)

The velocity fields of high Reynolds number, turbulent, wall boundary layers in non-equilibrium
pressure gradients are experimentally investigated. Experiments in two wall configurations
were performed; one with a hydrodynamically smooth test wall composed of flat aluminum
panels, and the other with a rough surface consisting of 2 mm tall, staggered, circular cylin-
drical elements. A representative set of pressure gradient distributions were generated on
the research wall by a systematically rotated NACA 0012 airfoil placed in a wind tunnel
section to determine the functional dependence of the boundary layer formation on pressure
gradient. Particle image velocimetry (PIV) was the primary measurement technique used to

determine time-resolved features of the velocity flow field.

It is shown that regardless of wall condition and Reynolds number, the non-equilibrium
turbulent boundary layers exhibit increasingly non-local behavior with streamwise devel-
opment. This is apparent as a lag to the pressure gradient distribution observed in the
streamwise developing integrated boundary layer parameters. These “history effects” are
also prevalent in mean velocity profiles which are exhibited as a cross-over of the favorable
and adverse pressure gradient profiles in the logarithmic layer. Similar cross-over points are
observed in the Reynolds shear and normal stresses, particularly at the streamwise station
downstream of the pressure gradient switch. The primary effect of the rough wall is to
increase the magnitude of flow scales, and, while they exhibit the same qualitative history
effects as the smooth wall, the rough wall flows show an earlier relaxation to equilibrium.
Despite inherent uncertainties of indirect skin friction methods for the rough wall, the effec-
tive sandgrain roughness parameter K, does not show a functional dependency to pressure
gradient history. An evaluation of the wall-similarity hypothesis solely based on boundary
layer thickness to roughness parameter ratios ( /K;) is insufficient and additional parameters
such as pressure gradient histories, local roughness Reynolds numbers, and bias uncertainties

due to instrument spatial resolution must be considered.



The Resolution and Structure of High Reynolds Number Turbulent
Boundary Layers Over Rough and Smooth Walls in Pressure Gradi-
ent

Vidya Vishwanathan

(GENERAL AUDIENCE ABSTRACT)

In the interface between a surface and a moving fluid is the boundary layer where high shear
and viscous stresses cause the bulk velocity to decrease to zero. When turbulent, this region
of fluid is characterized by random, chaotic, and fluctuating motions of varying sizes. Pa-
rameters such as pressure gradients and geometric irregularities of the surface, referred to as
roughness, can increase fluctuating pressures and velocities within the boundary layer and
cause unwanted noise, vibration, and increased drag. Although many studies have evaluated
boundary layers with either roughness or pressure gradient independently, most surfaces in
practical application are susceptible to the compounding influences of both of these param-
eters. Thus, it is necessary to expand the current knowledge database to include complex

flow fields necessary to improve data driven modeling and vehicle design.

This study focuses on experimental observations of the turbulent velocity field developing in
both a rough and smooth wall boundary layer that is induced to a family of bi-directional
pressure gradients generated by the pressure field of a rotating airfoil inside in a wind tunnel.
Through statistical observations of the velocity field it was found that the varying pressure
gradients caused the flow to develop non-local dependencies such that the response of the
downstream boundary layer was dependent on the upstream flow history. The principal
effect of roughness was to increase the magnitude of turbulent scales, but to show the same
qualitative response to the pressure gradient history as seen in a smooth wall flow. However,
direct comparison of rough and smooth wall turbulence statistics by means of the “wall-
similarity hypothesis” requires careful consideration of multiple parameters including these
flow histories, scales prescribed by roughness parameters, and bias errors from experiment

under-resolution of the velocity field.
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EMQrH2/:2 Q7 # b2HBM2 bKQQi? r HH +QM/BiBQMb Bb M2+2bb v
"Qm;?M2bbX >2M+2- i?Bb 2tT2 BK2Mi H "2b2 "+? Bb +QM/m+i2/ iC
im iBQMb Q7 #Qi? "Qm;? M/ bKQQi? r HH 7HQr +QM/BiBQMbX h?B
QM i?2 mM/2 bi M/BM; Q7 i?2 BMbi Mi M2Qmb p2HQ+Biv 7B2H/ mbB
P2HQ+BK2i'vUh_@SAoV- M/ Qi?2 K2 bm'2b Q7 K2 M p2HQ+Biv 7H

"v +QMp2MiBQM- i?2 "Qm;? M/ bKQQi? r HH #2? pBQ'b "2 +QKT °
hQrMb2M/6br HH@bBKBRBJ-Bri¥B~vT QM2 2bBilb (7 i- QmibB/2 1?72 BKK2/
Biv Q7 i?2 Qm;?M2bb bm#H v2 - i?2 "Qm;?r HH #QmM/ v H v2  #2

R
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r HH rBi? 2[mBp H2Mi b+ H2bX h?2 p HB/Biv Q7 i?2r HH@bBKBH "B
bm#D2+i Q7 b+ miBMv BM HBi2 im 2X q?BH2i?Bbb+?QQH Q7 i?2Qm
iBQMb-T "iB+mH Hv bBKTHB7vBM; Qm;?M2bb KQ/2HBM; iQ #2 M
i?72°2 Bb M BMbm77B+B2Mi mM/2 bi M/IBM; Q7 i?2 KmHiBp "B #H2 k
Qm;? M/ bKQQi?r HH 7HQrb BM MQM@2[mBHB# BmK 7HQr 7B2H/t
F2v 72 im2b Q7 im #ZmH2M+2 bi m+im 2b2pQHpBM; BM MQM@2[ml
M/ 2p Hm i2b i?2 2tT2 ' BK2Mi K2 bm 2K2Mi HBKBi iBQMb BM ++m~
Q7 BMi2 2biX

RXk ii'B#miBQMbD

h?2 rQ F T 2b2Mi2/ BM i?Bb /Bbb2 i iBQM rr b +QKTH2i2/ BM +QHH ¢
H2 :m2 M/irQ "2b2 "+? K2MiQ b K2MiBQM2/ #2HQrX

*X . MB2H CX 67Bhb#22M +HQb2 +QHH #Q  iQ QM i?Bb T QD2+i r
70 HH +QKTmi iBQM H M/ 2tT2 BK2Mi HrQ F Q7 i?2 7THm+im iBM;
BM i?2 2tT2 ' BK2Mi /2bB;M- b2imT- M/ /i +[mBbBiBQMX >2 Bb +
HBbi2/ DQm M H M/ +QM72 2M+2 Tm#HB+ iBQMb- M/ ?Bb /Bbb2 i |
T 2bbm 2 7B2H/ T°QpB/2b +QKT MBQM T2 bT2+iBp2iQ T 2b2Mi B
P2HQ+Biv K2 bm 2K2Mib K /2 Q7 i?2 b K2 7THQr 7B2H/X

"X gBHHB K CX .2p2WITQX iEX hQ// GQx2 p2/ b i?2 T'QD2+i T'BM+
BMp2biB: iQ'b M/ b2+m>2/i?2 ;" Mi M/ 2b2 +? 7TmM/BM; 7°QK i?2 F
h?2v b2 p2/ b+Q@+? B'b7Q i?2 2b2 “+? /pBbQ v +QKKBii22 M/
rQ'F T'2b2Mi2/ BM #Qi? BM i?Bb /Bbb2i iBQM M/ BM ‘iB+H2b bm
T22 @ 2pB2r2/ Tm#HB+ iBQMX

RXj a+QT2 M/ BK Q7 S 2b2Mi qQ F

h?2 K BM Q#D2+iBp2 Q7 i?BbrQ FBbiQ BKT Qp2i?27mM/ K2Mi H m
M/ K2 bm 2K2Mi HBKBi iBQMb Q7 p2HQ+Biv 7B2H/b Q7 MQM@2[mB
Qp2° "Qm;? M/ bKQQi? bm 7 +2bX aT2+B7B+ HHv- i?Bb 2tT2 BK2I
BMp2biB; iBM; 7HQr /2p2HQTBM; Qp2  i?2 /B772 ' BM; r HH +QM/BiB
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T '2bbm 2 ;" /B2Mi 7B2H/ ;2M2" i2/ #v i?2 #HQ+F ;2 Q7 L * yyRk E
b2+iBQMX h?Bb T 2b2MirQ F? bi? 22bT2+B7B+ BKb r?B+? 2 Qn

RXM/2 bi M/i?2 HBKBi i BQMb Q7 KmHIB@TQBMiIi K2 bm 2K2Mii2+7*
;2 p2HQ+BK2i'v-BM ++m’ i2HvVK2 bm 'BM; im " #mH2M+2 bi iBbil
#OQmM/ "vH v2 b Qp2 Qm;? M/ bKQQi? bm 7 +2bX h?Bb Q#D2+

UV2p2 H ii2Mim iBQM Q7 im #mH2M+2 K ;MBim/2b rBi? +Q b
HmiBQM K2 bm 2K2MibX

U#VWb2bb p "B iBOQMb BM i?2 H2p2H Q7 im #mH2M+2 ii2Mm iBQ
iBQMb M/ HQ+ H 2vMQH/b MmK#2 X

U+YVYbiBK i2 H2p2H Q7 #B b mM+2 i BMiv bbQ+B i2/ rBi? SAo mr

kX? HH2M:2 i?2 p HB/Biv Q7 i?2r HH@bBKBH "Biv ?2vTQi?2bBb m|
M/ bKQQi?r HH 7HQrb- T “iB+mH "Hv T2'i BMBM: iQ 7HQr /2p2F
T 2bbm 2 ;" /B2Mi 7B2H/X aT2+B7B+ HHv- r2 rBHH b22F iQ-

U VQKT "2 K2 M p2HQ+Biv M/ im #mH2M+2 bi*2bb T'Q7BH2b
mbBM; +QMp2MiBQM H 7Q Kb Q7 b+ HBM;X

U#Wb2bb MQM@HQ+ Hi2M/2M+B2b Q7 i?2 7THQr /2p2HQTK2Mi |
Q7 7HQr #2? pBQ bX

U+&m;;2bi KmHiBp B #H2 b2i Q7 T ~ K2i2 ' biQ BKT Qp2 2tT2 E
iQb iBb7vr HH@bBKBH "BivX

iX_2p2 Hi?2 /Bbi'B#miBQM M/ +QMi2Mi Q7 2M2 :2iB+ im #mH2M -
bKQQi? r HH #QmM/ v H v2' BM/m+2/ #v MQM@2[mBHB# Bmi|
TT'Q +?2 iQ BKT Qp2 i?Bb mM/2 bi M/BM: Bb iQ,

U VQKT "2 K2 Mbi iBbiB+b Q7i?2 °Qm:? M/ bKQQi?r HHiQ B/2
rBi? HQ+ H _2vMQH/b MmK#2 X

U#¥T2+B7v "2;BQMb Q7 bT2+B7B+ BMi2 2bi rBi?BM i?2 #QmM/
i?72 2VMQH/b bi'2bb T'Q7BH2bX

U+X¥m HBi iBp2Hv +QKT "2 i?2 BMbi Mi M2Qmb p2HQ+Biv 7B2H.
i7Q;QM H /2+QKTQDbBIBQM iQ 2p2 Hb? T2 M/ /Bbi'B#miBQ
/2p2HQTBM; i bT2+B7B+r HH@MQ K H /Bbi M+2bX
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RX9 +?B2p2K2Mib

C _2; '/H2bb Q7 r HH +QM/BiBQM M/ _2vMQH/b MmK#2  i?2 7THQr
#MH2Mi #QmM/ v H v2  2t?B#Bib BM+ 2 bBM:Hv MQM@HQ+ H
P2HQTK2MiX h?Bb Bb TT "2Mi b H ; BM i?2 "2bTQMb2 Q7 i?:
BMi2:  i2/ #QmM/ v H v2 T > K2i2'b UBX2X bFBM 7 B+iBQM- |
TH +2K2Mi i?B+FM2bbV iQ i?2 T 2bbm 2 ;" /B2Mi /Bbi'B#miBQM
iQ b 06?BbiQ v 2772+iX0

Ch?2°2Bb +H2 "~ 2pB/2M+2i? i Qm;?r HH#QmM/ "vH v2'b 2/m+
2[mBHB# BmK BM MQM@2[mBHB# BmK 7HQrbX

C >BbiQ v 2772+ib "2 HbQ T 2p H2Mi BM i?2 K2 M p2HQ+Biv M/ _
AMi?2 K2 Mp2HQ+BivT Q7BH2b-i?Bb Bb /2KQMbi  i2/ b &+ Qt
/Ip2 b2 T 2bbm 2" /B2Mi T Q7BH2b BMi?2 HQ; "Bi?KB+ H v2 X
Q#b2 p2/BMi?2 2vMQH/bb?2 > M/MQ' K Hbi'2bb2b-T “iB+mH
iBOM /QrMbi 2 KQ7i?22T 2bbm 2 ;" /B2Mi brBi+?X h?Bb #2? pBC(
#Q 2 r?B+? ;Bp2b BM/B+ iBQM Q7 H “:2 Qmir /i  MbTQ i Q7 p:
i22b2 H v2 bX

C6Q "Qm;?r HH 7HQrb- BM/B 2+i K2i?Q/b iQ /2i2°KBM2 bFBM 7
*2:°2bbBQM 7Bib Q7 i?2 K2 M p2HQ+Biv T'Q7BH2b- b?Qr ?B;? t
HQ:; "Bi?KB+ "2:BOM QM i?2 +QKTmi2/b?2 “bi'2bb2bX .B 2+i K2
"2 M2+2bb "viQ ++m’ i2Hv +QKT 2r HH +QM/BiBQMb QM i?2 #

C h?2p HB/BivQ7r HH@bBKBH "BivBb "2H2p MiiQ ?m;2  M;2 Q
TTHB+ iBQMb-#mii?2 T 2b2Mibim/v? b 2p2 H2/i? iKmHIiBTH?2
?BbiQ " B2b-#QmM/ "vVH v2 i?B+FM2bb iQ "Qm;?M2bb T ~ K2i2"
MmK#2 b Kmbi #2 K i+?22/iQ M 2[mBp H2Mi bKQQi? r HH + b2 7
QM i?2 # bBb Q7 i?Bb ?2vTQi?2bBbX .2bTBi2 BM?2 2Mi mM+2"i B
K2i?Q/b 7Q" i?2 "Qm;?r HH- i?2 2772+iBp2 b M/;" BM "Qm;?M2l
rBi? T°'2bbm™2 ;" /B2Mi ?BbiQ vX

CaT iB H 2bQHMIBQM HBKBi iBQMb Q7 SA0 2tT2 BK2Mib + mb2 |
im #mH2M+2 bi iBbiB+bX h?2°2 Bb MQ /Bb+2 MB#H2 BKT +i Q7 i
“2bmHIBM; K2 M p2HQ+Biv T'Q7BH2bX >Qr2p2' - 2vMQH/b bi"
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rBi? +Q b2 "2bQHmMiBQMb-rBi? T "iB+mH ~ BKT +ib iQ i?2 r HI
M2MibX h?Bb "2/ m+iBQM r b b?QrM iQ #2 /Im2 iQ i?2 bK HH2  +
Q++m "BM; i?2r HH@MQ K H /B 2+iBQM b QTTQb2/iQ i?2 2M2
Q++m BM; BMi?2 T 2/QKBM MiHv bi 2 KrBb2 bi m+im 2bX

C 7Bt2/bT iB H 2bQHmMIBQM T 2b2Mib HBKBi iBQMb 7Q" bim/B?2
/IBiBQMb "2 +QKT "2/X h?Bb Bb #2+ mb2 i?2 M:2 Q7 b+ H2b Q
i?72 HQ+ H_2vMQH/b MmK#2 -2 b i? 2b?QH/ Q7 /2i2+iBQM # b
QHMIBQMX h?Bb HBKBi iBQM 2bmHib BM ?B:?2  /BbT "Biv Q
Q7 K2 bm 2K2Mib K /2 rBi? +Q b2 M/ 7BM2 "2bQHmMIiBQM r?22N\
/p2 b2 T 2bbm 2 ;> /B2Mi- /BbT "Bivi? i Bb +QKT - #Hv HQr2"
x2°Q Q7 pQ > #H2 T 2bbm 2 :  /B2MiX

C +QKT 'BbQM Q7 i?2 b K2 p B #H2 [m MiBiB2b #2ir22M i?2 "Q
#OmM/ "vVH v2 b b?Qri? ii?2 +Q 'b2 "2bQHmMiBQM+ M ii2Mm i2
bi*2bb2b 7Q" #Qi? "Qm:;? M/ bKQQi? r HH 7HQrbX >Qr2p2 - i?Bb
iBQM Bb KQ 2T 2p H2ZMiBM i?2 bKQQi?r HH 7HQr-r?BH2 i?2 "Q
m iBQM i +2°i BM HQ+ H 2vMQH/b MmK#2 bX L2p2 i?2H2bb- |
MmMM/2 @ 2bQHmMIBQM Q7 MQM@/QKBM Mi bi'2bb +QKTQM2Mib B
"Qm;? M/ bKQQi?r HH 2tT2 'BK2MibX

CZm HBi iBp2 M HvbBb Q7 i?2 BMbi Mi M2Qmb bKQQi? r HH p2H
Q7 hQrMb2M/6b ii +?2/ 2//v 2vTQi?2bBb rBi? i?2 2MH “;2K2Mi
r HH@MQ K H /Bbi M+2 mM/2  /p2 b2 T 2bbm 2 ;" /B2Mi +QM/B]

C"Qi? bT2+i" HT' QT2 Q'i?Q;QM H /2+QKTQbBiBQM QM i?2 p2H«
iBQM Q7 i?2 BMbi Mi M2Qmb 7HQr 7B2H/ b?Qrb i? i- Hi?2Qm;? i-
"2bTQM/b iQ i?2 T 2bbm 2 ;" /B2Mi ?BbiQ ' B2b b i?2 bKQQi? r H
/IB772 2M+2b BM i?2 p2HQ+Biv 7B2H/ bi'm+im 2 M/ b? T2- ; B
K i+? KmMHIBTH2 p "B #H2b 7Q " +QKT "BbQM Q7 "Qm:? M/ bKQQi
i?2# bBb Q7 r HH@bBKBH "BivX

RX8 aim+im 2 M/ *QMi2Mi

h?Bb /Bbb2 i iBQM Bb Q' ; MBx2/ b 7QHHOQrbX
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*2 Ti2 " BMi"Q/m+2b i?2 2b2 "+?2 T°QD2+i M/ KQiBp iBQM M/ bmKK
7°QK i?2 /Bbb2'i iBQM rQ FX

*2 Ti2 K QpB/2b bmKK v Q7 i?2 7mM/ K2Mi H 7HQr T?vbB+b Q7
Hv2 br2HH b "2pB2r Q7 i?2 "2H2p Mi HBi2 im 2 T2'i BMBM; iQ
bKQQi? r HH +QM/BiBQMbX

*2 Ti2' j+QMi BMb K Mmb+'BTi iBiH2/ 6aT iB H _2bQHmiBQM GBK
;2 02HQ+BK2i'v BM >B;? 2vMQH/b LmK#2 hm #mH2Mi "QmM/ "v C
7Q° T22 @ 2ApB2rHR2Mib BMBHBBYD Ti2™ T QpB/2b M 2p Hm iBQM
K2Mi HBKBi iBQMb Q7 T 'iB+H2 BK ;2 p2HQ+BK2i'v BM 2bQHpBM;
BMbi mK2Mi bT iB H 2bQHmMiBQMX

*?2 Ti2° %QMi BMb K Mmb+'BTi iBiH2/ 6>BbiQ v 1772+ib M/ q Hl
I1[mBHB# BmK hm #mH2Mi "QmM/ 'v G v2 ' b BM o 'vBM; S'2bbm 2 :
aKQQi? am 7 +2bd iQ #2 bmAMBIiIiR iBQM2H CQm M H 7Q° X2 i M/ 6
h?2 +QMi2Mib Q7 i?Bb +? Ti2 BMp2biB; i2i?2r HH@bBKBH "Biv ?v
#2? pBQ b Q7 "Qm;? M/ bKQQi?r HH im #mH2Mi #QmM/ v H v2 bX

*2 Ti2> QMi BMb K Mmb+ BTiiBiH2/ 6 M HvbBb Q7 *Q?2 2Mi ai ' n
g HH hm #mH2Mi "QmM/ v G v2  BM S 2bbm 2 :" /B2MiX06 h?Bb +? Ti
+Q?2°2Mi bi'm+im 2b B/2MiB7B2/ mbBM; i?2 bT2+i" HT QT2 Q i?C
i2+?2MB[m2 TTHB2/iQ i?2 iBK2@ 2bQHp2/ SAo/ i K2 bm 2/ Qp2 bk

*2 Ti2> eT°QpB/2b bmKK v Q7 i?2 /Bbb2 i iBQM rQ'F M/ /Bb+mbb:
+QMiBMm2/ BMp2biB: iBQMX

h?2 7Q K iiBM; Q7 i?Bb /Bbb2'i iBQM p "B2b +'Qbb +? Ti2 b b i?:
bm#KBbbBQM "2 BM i?2 7Q K i T 2b+ "B#2/ #v i?2 Tm#HBb?2 X



*? Ti2 K

"+F;,  QOQmM/ M/ GBi2 Iim 2 2pB

KXR hm #ZmH2Mi "QmM/ v G v2 b Pp2 aKQQi~?

h?Bb b2+iBQM rBHH T QpB/2 7mM/ K2Mi H 2pB2r Q7 i?2 7THQr T?v
2H i2/1iQim#EmMH2Mi#QmM/ "vH v2 b-T "iB+mH "HvQp2 bKQQi?r
/IBb+mbbBM; im #mH2Mi #QmM/ v H v2'b Qp2  "Qm;? r HHb rBHH ¢
2t KBM2/ BM i?Bb b2+iBQMX

kKXRXR 6mM/ K2Mi Hb Q7 i?2 "QmM/ v G v2°

b 7HQr T bb2b Qp2° #Q/v-i?2 BMi2'7 +2 Q7 i?2 bQHB/ bm 7 +2 |
?B;? pBb+Qmb M/ b?2 ° 7°'B+iBQM H 7Q +2bc i?Bb "2;BQM Bb FMQ
KQH2+mH " H2p2H-i?22 Bb biBHH 7' B+iBQM QM i?2 bm 7 +2 "2bm
1?72 7THQr rBi?BM i?22 #QmM/ "vH v2 BbbHQr2 i? Mi? iQ7i?27 22b
7THmB/ HQb2b HH Bib KQK2MimK-i?mb "2bmHIBM; BM x2 Q@7HQr
OMQ@bHBT +QM/BiBQM-6 M/ Bb 2T 2b2Mi2/d®X bBMFHQr 7HMB/ |
2/;2 Q71?72 2;BQM Q7 ?B;? b?2 " rBHH 7QHHQr p HmMm2 /2T2M/2Mi C
iviB+ HHv /2i2 KBM2/ #vi?2 BM7HQr p2HQ+Biv+QM/BiBQMb Q i?2
Q7 T 2bbm 2 ;" /IB2MibVX h?2 TQBMi ir?B+? i?2 p2HQ+Biv T Q7BH:
7°22bi2 KBb "272 °2/1iQ bi?2#QmMX PVH2WR- i BB+ FQIBRBMbBb TT Qt
bi?2r HH@MQ K H /Bbi M+2 +Q " "2bTQM/BM; iQ i?2 TQBMi ir?B+"
NNW Q7 i?2 2/;2 pXHQ+Biv-
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6B:m 2 KXR, J2 M p2HQ+Biv T'Q7BH2 rBi? "2:BQMb BM/B+ i2/ 7Q"
#MH2Mi #QmM/ v H v2  Qp2  "Qm;? M/ bKQQi? r HHXi2/i7 TQKBMib b
0oBb?r M i? M 3NcHXT (H/BM; T'Q7BHYK?QrM b U

kKXRXk "QmM/ v G v2 _2:BQMb a+ HBM: S K2i2'b

Hi?Qm:;? i?BMb?2 "H v2 -i?2#QmM/ "VH v2 Bib2H7 + M #2 /2+Qk
r?2°2 i?2 7THQr +QM/BiBQMb /B+i i2 +2°i BM #2? pBQ b Q7 i?2 7HQ
K ;MBim/2 Q7 im #mH2Mi 2//B2b M/ 2H iBp2 p2HQ+BiB2b /2T2M/B|
i72 7°22bi°2 KQ i?2bm 7 +2X h?2 +H bbB+ Hb2T * iBQM Q7 i?2b?2
T°Q7BH2 BM BMM2  +QQ /BM iREBhb?2? Q8 BWb6B2md2i2M B/2MiB7
b+ HBM: T ° K2i2 b- +H bbB+ HHv # QF2M /QrM BMiQ i?2 6BMM2°6
+QHH Th2i?2 T Q7BH2biQ bBM;H2 +m p2BM i?2 2bT2+iBp2 "2;BC
F HH- Bb H “:2Hv 772+i2/ #v pBb+QbBiv M/ i?2 p2HQ+«BiWHl+ H2b Q
i?2 H2M;i?b b+ H2 QM i2X hW?2K2iB+iBQM p2HQ+Biv Bb /27BM2/ BM i
b?2 " bi'2bM/ i?2 7THMB/ /28MbBiv

r
u= - UKkXRV

h?2 2;BQM +HQb2biiQi?2r HHBDb 272 °2/iQ bi?2HBM2 ~bm#H v2
Bb H ;2Hv /QKBM i2/ #v /BbbBT iBQM /m2 iQ i?2 Qp2'r?2HKBM; pB
M/ i?2 K2 M p2HQ+Biv Bb /B 2+iHVv T'QTQ iBQM H iQ i?2 /Bbi M+2 ;
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rv7 QK i?2r HH- i?2 p2HQ+Biv ;" /B2Mi bi "ib #2+QKBM; BM/2T2
2772+ib M2 " i?2r HH M/ i?2 HBM2 ~ bm#H v2 K2 ;2b BMiQ i?72 HQ
Q7 M O6QpP2'H TO Q' 6#m772° 0 H v2'X >2°2-i?2 K2 M p2HQ+Biv 2t1
#Qi? i72 HBM2 “bm#H v2' M/i?2HQ:; 'Bi?KB+ "2;BQMbX b Bib M K:
BMi?2 HQ; Bi?KB+ "2;BQM 7QHHQrb HQ; "Bi?KB+ T°"Q7BH2 /27BN
BM 2[m kBfQMW2 2 T ~ K2i2 b rBi? bmTR20b+2BWM@® K HB8x2/ QM i?2 BM
b+ HBM; T ° K2i2'bX h? UpQMbEEMKEM +QMbi MiV M/ * ivTB+ HHv i
"QMmMM£ 0:41 M/IC =5.0X 6m’i?2 bm#/BpBbBQMb Q7 i?2 #QmM/ v H
iQTB+ Q7 BMi2 2bi BM HBi2" im 2X 6Q  BMbi M+2- BM i?2B  rQ F Q7
im #mH2Mi #QmM/ "vH v2 -:20Q8);2bM#HBBRHQZ;BQM + HH2/i?2 K
#Qp2r?B+?2 im#mH2M+2 /BbbBT iBQM Bb /QKBM i2/ #v BM2 iB H 27
2772+ib "2 /QKBMhM2Y /2b+ B#2 i?2 K2bQH v2° b MQi?2 Qp2 H T°
BMiQ i?2 Qmi2 " H v2 Q7 i?2 #QmM/ v H v2 X >Qr2p2 kXR2/BpBbB(
mb2/ BM T +iB+27Q Tm TQb2b Q7 KQbibim/B2b-BM+HmM/BM; i?2 -

h?2 Qmi2" "2:BQM Bb b+ H2/ QM T * K2i2 b BM/B+ iBp2 Q7 i?2 H ;2°
[?PB+? 2072 2/;2 P2 H\Y/HBV#QmM/ v H v2 X?BMFiIMBbb2;:BQM- i?2 H
Q7 i?2r HH K bb2b M //BiBQM Hi2 K /2b+ B#BM; i?2 71 F2 2772+i
Bb "2M K2/ i?2 6H r Q7 i?2r F26 :BRNDNVBBIM BN i@/Q@M 2/ #v *QH2b- Bl
i?2r F2 T~ K2i2 Bb 7mM+iBQM Q7 r HH /B KiX(¥RX0?2QrM BM 2[m B

ut =y" UkXkV
— 1 . .
ut = —In(y")+ C UkXjV
_ 1 y
ur=-+C+ —-W = UkX9 V
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bB;MB7B+ MiHv BM7HmM2M+2/ #v i?2 BM2iB H7Q +2b bm+? b T 2bl
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HBKBi iBQMb Q7 2tT2 BK2Mi ? “/r "2X a2p2° HBMp2biB; iBQMb- BN
Q7 i?2 T 2b2Mi /Bbb2i iBQMTrQ F-? p27QmM/i? ii?2bT iB H 2bQ
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"2+iBQMX .2T2M/BM; QM i?2 2t +i bBx2- 2HQM; iBQM- M/ b2T " iB
"+?-0i?Bb 72 im"2 b? T2 ? b #22M /m##2/ #v K Mv i2°' Kb BM+Hm/BN
bb?2QrM BM I6B9M?2 7THQr pBbm HBx iBQM d@ - FE+#\BMQR#R ® B QM (
Qi?2'b-? p2b?QrMi?2 /QKBM M+2 Q7 ? B'TBMb BM i?2r F2 Q"  Qmi
Hv2 -i?mb bbQ+B iBM; i?2b2 bi'm+im '2b bi?2H ";2°-2M2 ;v +QI
+2TiQ7i?27? B 'TBM pQ i2t? b bBM+2 #22M 2p Hm i2/ M/ 2tT2 BK2\
2t?B#Bi2/ BM im #nkHAMKISTH BB ey NkX h?2 2 B'TBM T ~ /B;K 2Mi
bi'2 KrBb2fr HH@MQ K H + Qbb@b2+iBQM Q7 i?2 7THQr-r?2 2 i?2
+QKT +ipQ'iB+ H 2;BQM Ui?2?2 /V- "2;BQM Q7 2D2+iBQM UBX2X
T2 ' T2M/B+mH " iQ i?2 TH M2 Q7 i?2 pQ i2t?2 /- M/ HQr@bT22/ bi
IB'2+IBRRMBYX GQr@KQK2MimK- 6[m bBbi 2 KrBb26 pQ ' iB+2b 2tBhbi
TQHHQr2/ #v KBtim 2 Q7 #Qi? 72 im 2bBM i?2 HQ; Bi?KB+ H v2 X
TH v ?m;2 "QH2 BM i?2 ?B2" "+?2v Q7 ? B'TBM T +F2ib TT2 "BM; E
Hv2 ci?mb-i?2vH ;2Hv 7TQHHQr i?2 T ~ K2i2'b bbQ+B i2/ rBi? i?:
6Q BMbi M+2-rBi?BMi?2? B'TBM T ~ /B;K-i?2 2 2tBbibi?2 60?7Q b:
H ;2 -rB/2 2?22 /-i? i;2ib2HQM; i2/ #v b?2 "~ bi 2bb2b BMiQ bi 2 Fk
KQK2MimK BMiQ b? T2 2b2K#HBM; i?2 ? B'TBM pQ i2t +HQb2 iQ
r?B+? Bbb22M BK)XBR20n- 2bj (HHmM/2/ 2 "HB2 -i?2 B/2MiB7B+ iBQM Q7
#Bi "#Bi° v M/ mT7Q Dm/;2K2Mi- M/ i?2 2t +i/2p2HQTK2Mi Q7 i?2
iQ#2 mMBp2 b HHv ; 22/ mTQMX h?mb-[m MiBi iBp2 B/2MiB7B+ iB
imK i MbTQ'i M/ hEl "2 M2+2bb 'v- bm+? b KQ/2H Q'/2 @ 2/m+B
2//IB2b "2 i?2 T'TBM+BT H K2+? MBbKb 7Q° KQK2MimK i MbTQ " i pB
M/ T°Q/m+2 M/ /BbbBT i2im#mH2Mi FBM2iB+ 2M2 ;v UhE1VX
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6B;m 2 kX9, 6 QK H27i iQ "'B;?i-i° MbBiBQM Q7 ?Q b2b?Q2 pQ i2
>2 /[ M/ " M/vQT /PN v (

h?2 K2+? MBbKb :2M2" iBM: i?2b2 bi'm+im 2b ? p2 #22M rB/2Hv /Bb
2i HOjbm:;2bibi? iBMBiB H? B'TBM pQ iB+2b 27Q K2/ #v b2H7G@
r?B+? i?22M +QMM2+i M/ :2M2 i2 i?2 b2+QM/ v M/ i2 iBI3v bi m+i
"272°biQ i?Bb #2? pBQ b 6Q77bT BM:6 pQ iB+2b M/ i? i HQr@bT:
iQ i?72 /2p2HQTK2Mi Q7 i?2 2?2 B'TBM pQ iB+2bX >Qr2p2 -i?22°2 2 +
bQm +2 Q7 pQ i2t:2M2° iBOQMXEBK2M2xi SBMRHRB (?2 BMbi #BHB
bm#b2[m2Mi # 2 F@mT Q7 HQr@bT22/bi’2 Fb "2bmHi BMi?2 ;2M2" i
i22 1 HHX _2: “/H2bb Q7 i?2 ;' 22K2Mi #2ir22M i?2b2 bim/B2b- i?2 +
:2M2° iBQM Q7 bi'2 KrBb2 pQ iB+2b TT2 ‘b iQ #2 BM/2T2M/2Mi Q7
2Qr2p2°  i?2 b+ H2 M/ /Bbi'B#miBQM Q7 i?2 pQ iB+2b "29BX2M/2M]
_2+2Mi bim/B2b Q7 im #mH2M+2 bi'm+im->2b ? p2 ii2KTi2/ iQ B/2M
QM 2M2 ;v bB:M im 2b mbBM; bT iB H M/ i2KTQ  H+Q "2H iBQMb C
+QKTQM2Mi M HvbBbbm+? bT QT2 Q' i?Q:QM H/2+QKTQbBiBQM
M/ HBM2 " biQ+? biB+ 2biBK iBQM UGalV ? p2 #22M T2 7Q K2/ QN
b?QrBM: 2M2 :2iB+ bi'm+im 2b +Q "2bTQM|BKR3IEXH ;2 b+ H2 KQiB
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6B;m 2 kX8, hE1 #m/;2i BM 7H i TH i2 bKQQi?r HHim #mH2Mi #Qm
aT H 3K

kXRXe hm #mH2M+2 1[m iBQMb 7Q" ai'2bb M/ h> MbTQ

bb?QrM BM 2¢RBBIMb +QMp2MiBQM iQ i“2 i i?2 #QmM/ v H v2 2]
_2VMQH/b /2+QKTQDb2/7Q K /m2iQ i?2 mMbi2 /vM im 2 Q7 im #mH?2
rBi? i?72 K2 M M/ 7Hm+im iBM; +QKTQM2Mib Q7 i?2 p2HQ+Biv M/ T
"2bmHi2/ BM i?2 _2vMQH/b@ p2° ;2/L pB2 @aiQF2b U_ Ladd2[m iB(
M/KXGh?2 iBK2 2pQHmMIiBQM Q7 i?2 2vMQH/b bi*2bb i’ MbTQ i "2p2
iQp "BOQmMb 7Q +2b "2H i2/iQ im #mH2M+2 T Q/m+iBQM- /BbbBT iB(
2[m iBQM Bb /2 'Bp2/ 7°QK i?2 L pB2 @aiQF2b #v bm#i’ +iBM; i?2 _
i?72 +Q "2H iBQM rBi? p2HQ+BivX h?2 2t +i _2vMQH/b bi 2bb i MbT

DUy _ @y @y, .o -
B @ ey, ey

. oBb+Qmb .B77mbBQM
J2 M *QMp2+iBRM#MH2MiI *QMp2+iBQMS Q/m+iBQM Q Q

L, @p,, @p , Quly sy

@ "oy | aroy

S'2bbm 2 h™ MbTQ .iBbbBT iBQM

h?2 # H M+2 #2ir22M i?2 T°Q/m+iBQM M/ /BbbBT iBQM i2 Kb "2 -
M 2[mMBHB# BmK M/ MQM@2[mBHB# BmK 7HQr- r?2°2 BM i?2 7Q°
2[mBp H2Mi- M/ i?2 M2i  i2 Q7 2M2 :v: BM Q  HQbb Bb x2 QX
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h?2 hEL1 # H M+2 7Q° im #mH2Mi bKQQi?@r HH K8 AHBI2 BMiB?@r|
2biBM;iQ MQi2i? ii?2T2 F/BbbBT iBOQM Q++m b M2 " i?2r HH- M/
BMi?2 BMM2  "2:BQMb Q7 i?2 #QmM/ "VH v2 X br2 rBHH b22 BM i?:
"2:BQM 7HQr +QM/BiBQMb TT2 b iQ KQp2i?2 T°'Q/m+iBQM T2 F H
Hv2 - M/ Qp2 HH-i?2T Q/m+iBQM K :MBim/2b "2 /2T2M/2Mi QM |

kXRXd aFBM 6°'B+iBQM QM aKQQi? q HHb

h?2 bFBM 7 B+iBQM Bb :m #Hv QM2 Q7 i?2 KQbi BKTQ i Mi T > K2
Q7i?2#QmM/ "vH v2 X P#pBQmbHv- /B 2+iK2 bm 2K2Mi Q7 bFBM
Hr vb 72 bB#H2- 2bT2+B HHVBM i?2 + b2 Q7 7HQrb rBi? "Qm;?M2b}t
im#2b- M/ Qi?2° BMDbi'mK2Mib ? p2 #22 M amly2/JXM>TH Dp 26 Fmi PRDIR (
K2i?Q/b 2 2Bi?2  BMi'mbBp2- Q" MQi 72 bB#H2 rBi? "Qm;?M2bbX
Q7 +QKTmiBM: bFBM 7 'B+iBQM mbBM: 2tT2 BK2Mi H p2HQ+Biv K2
TT'Q +?2b "2 2tTHQ 2/ BM HBi2  im 2iQ /2i2 ’KBM2 i?2 bFBM 7 B+i
(RRRORdk9jy-ede3NRX PM2 Bb mbBM; /B 2+iK MBTmH iBQM Q7 i?2 B
+QMb2 p iBOM Q7 KQK2MMREX BN iBOMNH2Mi 7HQrb BM x2°Q Q K
> /IB2Mi- i?2 +QMp2MiBQM H *H mb2 @+? i K2i?Q/ Bb Q7i2M BKTH
/Ip Mi ;2 Q7 i?2H rQ7i?2r HHiQ “2; 2bbBp2Hv 7Bi K2 M p2HQ+Biv
"2:BQMX P7i2M 2KTB B+ H 7BibQ7i?2H rQ7i?2r HHbm+? bi?2 a"
T'Q7BH2 "2mb2/BMi?2*H nki92 9@ >QK2p2Q/i(?Bb K2i?Q/7 BHb BM
T 2bbm 2 ;" /B2Mi +QM/BiBQMb- Q7i2M mM/2 @T 2/B+iBM; "2bmHib
70° MOM@2[mBHB# IBYXK b QBIABIBQ MBbEmbb2/ BM i?2 H i2° b2+iBQ
K2i?Q/b Q7 bFBM 7 ' B+iBQM /2 Bp iBQM mbBM: "2;°2bbBQM 7Bib Q7
M/fQ° MQM@2[mBHB# BmKNRH@r 2QM/BiBQMbMB{ H K2i?Q/ K FBM
_2VMQH/bb?2 “bi'2bb T Q7BH2b M/ bi'2 KrBb2 ;" /B2Mibi? i TTHB
Q7i?2 2VMQH/b@ p2° ;2/bi'2 KrBb2 KQK2MimK 2[m iBQMX h?Bb K
“2bmHiIi BM ++m’ i2 bFBM 7 B+iBQM 2biBK i2b TTHB2/iQ 7HQrb QM
T 2bbm 2 ;" NB2Mi (
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kXk ~Qm;? g HH hm #mH2Mi "QmM/ "v G v2'b

Hi?7Qm;?2 1?2 MmK#2 Q7 bim/B2b "2; "/IBM; bKQQi?r HHim #mH2Mi ¢
i? Mi?7Qb2BM Qm;?r HHim #mH2M+2- "2 H7HQrb Q7 T +iB+ H BM
/" QM KB+ HHvVv bKQQi? /m2iQ 2p2M K + Qb+QTB+bm 7 +2/27B+B2N
"Qm;?M2bb bm+? bB+BM; QM M B '+ 7irBM; Q #BQHQ;B+ H /2# |
_QOm;?M2bb + M +QMi'B#mi2 iQ BM+'2 b2//° ; M/ mMr Mi2/ MQBb2 /t
im iBQMbX h?mb- mM/2 bi M/BM; i?2 im#mH2Mi 7THQr #2? pBQ b E
T QpB/2 BMbB;?i QM #2ii2°'BM; p2?B+H2 /2bB;M M/ QT2 iBQM mM/
iBOQM T QpB/2b BMbB;?i QM i?2 +m "2Mi FMQrH2/:2 Q7 i?2 #2? pBQ"|
BM "Qm;?r HH +QM/BiBQMbX h?2 2 "HB2bi T22 @ 2pB2r2/ "2b2 "+
H2M+2 Bb #v CQ? MM LBFm" /b2 M/@@®b ABT22tZ 21BR2BMKBNMib- LBFI
2tTHQ 2/i1?2 2772+i Q7 /B772 2Mib M/@; BMbm 7 +2b QM i?2 #2°?
Hv2 X >2 2bi #HBb?2/ [m MiBiv 272 72/ iQ b i?2 62772+iBp2 b |
rQmH/ 2bb2MiB HHv b2 'p2 b +QKT 'BbQM 7 +iQ 7Q Qi?2  "Qm;?I
T K2i2°'Bb K2 bm 2Q7i?2 Qm;?M2bb /Bb mTiBQMiQ i?2 K2 M p2HQ
+QKT "BbQM Q7 bKQQi? M/ "Qm:?r HH K2 M p2HQ+Biv T'Q7BH2b E
Bb ++QmMi2/ 7Q BMi?2 KQ/B7B2/ Hr Q7 i?2r HH7Q "Qm;?M2bb ;

U+=}In(y+)+C u* UKXRNYV

q?2 2U* Bb /QrMr "/ b?B7iQ7i?2K2 Mp2HQ+BivT Q7BH2 MQ K HB:
+Q "2bTQM/BM; iQ i?2 BM+'2 b2 BM bFBM 7' B+iBQM Ub22 i?2 b?B7
T Q7BH2 rBi? "2bT2+i iQ i?2 bKQQi? kXM THhOFIB H2 BM BB2mM 2 iQ

i72 °Qm;?M2bb 7mM+iBQM rr b BMi'Q/m+2/ BW /T 2MK pdyl Bbv #b©OH mb
'Bii2M BM i2 Kb Q7 i?2 2772+iBp2 b M/ :> BM "Qm:?M2bb b,

U+=}In(k;) 35 UkXkyV

ki Bb HbQ mb2/iQ /27BM2i?2 Qm;?M2bb _2vMQH/b MmK#2 r?B+7? [r
i?2 °Qm:;?M2bb /Bb mTibi?2 7HQr M/ Bb /27BM2/ b 7QHHQrb,

k! = keu / UkXkRV
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hvTB+ HHv- "Qm;?M2bb _XyM@H/b MOMBHR/2 2/ b bKQQi? 7THQr E
BM; i? ii?2 pBb+Qmb bm#H v2  Bb mM/Bbim #2/ #v i?2 "Qm;?M2bb
i?72 "Qm;?M2bb 2772+ib bm+? T2 K2 iBM; iQ i?2 HQ; Bi?KB+ 2;BQ
k! >50- i?2 7THQr Bb +QMbB/2 2/ iQ #2 7TmHHvV "Qm;?X AM #2ir22M i?:
+QMbB/2°2/ bi° MbBIiBQM HHv Qm;?r?2 2KQH2+mH ~pBb+Qmb 27
M2bb #Qi? ? p2 M BKT +i QM i?2&H)Qr A2 BMEQY20(? "2pB2r Q7 i?22 2
Q7 "Qm;?M2bb "2 bmKK "Bx2/ BMI¢TRI/b #m TBRINPK X Qr2p2 -
i?72b2 "2pB2rb /Q MQi +QMbB/2 i?22772+i Q7 T 2bbm 2 ;" /B2Mi M/
Q7 +QMbi MiHV "Qm:? "2;:BK2X GBF2 bKQQi?r HH #QmM/ v H v:
Hv2 + M#2 /BpB/2/ BMiQ “2;BQMb /2T2M/BM:; QM i?2 bi'm+im 2 b+
i?72 /B 2+i pB+BMBiv Q7i?2 Qm;?M2bb H v2 -Q7i2M 272 "2/iQ bi-
#27? pBQ'b "2 H ";2Hv "2bmHIi Q7 i?2 7THQr BMi2  +iBQMb b?2//BM;
2K2MibX #Qp2i?2 "Qm;?M2bb + MQTv-b2p2° Hbim/B2b ? p2 b?QrN
2 +QM7BM2/ iQ i?2 BMM2® "2;BQM Q7 i?2 #QmM/ v H v2 - #Qp2
[2Mi Q7 i?2 "Qm;?M2bb- M/ #2? p2b b bKQQi?r HH Qmi2 " "2;BQM
i?72 K ;MBim/2 Q7 H2M;i? M/ p2HRKBIVhiEBMH 2R M +2Ti Bb 272 "2/ iQ
6r HH bBKBH "Biv?vTQi?2bBbé M/ r b 7B bB®Mh T2 K220 Vv2hQTND2
TQBMi ir?B+?i?2 "Qm;?M2bb +2 b2biQ BM7HmM2M+2 i?2 #QmM/ "v
aim/B2b #v _ mT AP 26HHXH 2k HXM(/ CBKAMBmM(;2bi i? ii?2r HH bBK
BH 'BivBb 7mM+iBQM Q7 "Qm;:;?M2bb ;2QK2i'v M/ /Bbi M+2 7 QK
bSks X Pi?2°  bim/B2b b22K iQ bm;;2bi KQ 2 7mM/ K2Mi H /2T2M/2M+
BMi2;" H2[mkAB@Mbi?Qm;? i?2 2 2tBbib b2p2" Hbim/B2bi? i +QMi"
Q7r HH@bBKBH "Biv/m2 iQ /B772 ' 2M+2b BM i?2 K2 M p2HQ+Biv /2
i?72 Qmi2° "2;BQM M/ BM r?B+? + b2i?2°2 "2 +? HH2M;2b iQ KQ/2H
Qm;?r HH#OQmMM/3FRR8X ' B6Q 7HQrb BM T 2bbm 2 ;" /B2Mi M/ rBi"
bim/B2b ? p2b?QrMi? ir HH@bBKBH "Biv+QMiBMm2b iQ ?QH/ bi?
ivTB+ HHv 772+iBM; i?72 Qmi2 "2;BQMbL3IRKeiPR B8QMWM/ Ml CHQn2# Z i
€3 /2KQMbi® i2i?22772+iBp2M2bb Q7 bBKBH "Biv/272+iH riQ #2
_2VMQH/b MmK#2 X AM i?2 2tT2 BK2Mib /Bb+mbb2/ BM i?Bb T T2 -
Bb mb2/- /12bB;M2/ BM +QHH #Q  iBQM rBi? ."X CQb2T? E ix i CQ?~?
2tT2 BK2Mib Q7 /B772 2Mi "Qm;?M2bb b? T2b- /2MBBIRXQ M@ Q B
bi® i2/i? ii?2K BM ;2QK2i'B+ H7 +iQ°" b BM7HmM2M+BM; "Qm;? 7THQ
M/ /2MbBivX 2b2 "+? ? b b?QrMi? i M2 "@r HH bi m+im 2b BM (
2 /2T2M/2Mi QM i?2 bT "b2M2bb * iBQb U® iBQ Q7 TO@D2M2db 2H
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2 Qp2 Bib TH MAQVK27BM2/ BM RKMKkPBH@M Q7 i?2 "Qm:?M2bb 2H2
(NRyjN-9 X

Ag
:H UkXkkV

Hi?7Qm;? + "vBM; ?B;?2 K ;MBim/2b Q7 2M2 ;v-i?2bi m+im'2b TT
Q7 i?2 "Qm;?2r HH TT2 'biQ #2 +QMbBbi2Mi rBi? i?2r HH@bBKBH
H ;2@b+ H2bi m+im 2b Q7 i?72 Qm;?r HH#QmM/ "vH v2 7QHHQTr
bKQQi?r HH #QmM/Rudd88H3033X hvTB+ HHv-i?2b2 "2 H ";2@b+
pQ iB+2bX h?mb-BMi?2 + b2 Q7 7HQrb rBi? T'2bbm™2 ;" /IB2Mi-i?2:
i?72 bi'm+im°2b TT2 "BM; BMi?2 Qmi2° "2;BQMbX

kXj hm #mH2Mi "QmM/ v G v2 b BM S 2bbm 2

h?Bb b2+iBQM rBHH /2b+ B#2 i?2 #2? pBQ'b /B772 2MiB iBM; 7HQr
T 2bbm 2 ;" /IB2MiX h?2 /BbiBM+iBQM #2ir22M M 2[mBHB# BmK M|
iBQMb Bb HbQ BMi"Q/m+2/ M/ ?Qri?2b2i2 Kb "2H i2iQ 7THQrb rBi?
iBQM H T 2bbm 2 ;" /B2MiX *m "2Mi HBi2 im 2 Bb #B b2/ iQr /b "2
2pQHPBM; rBi? i?2 b K2 bB;M Q x2°Q T'2bbm 2 ;" /IB2Mi +QM/BiBQ
#22M i?7Q Qm;?Hv "2pB2r2/X Hi?Qm;?- "2H2p Mi 7THQrb Qp2  p2?B-
2M+2 i?22 2772+i Q7 +QKTQmMM/BM; Q" KBtBM; T 2bbm 2 ;° /B2Mi +Q
TmM/ K2Mi HmM/2 bi M/IBM; Q7 7THQrb rBi? p "vBM; T '2bbm 2 ;" /B2

h?2 +QM+2Ti Q7 [m MiB7vBM:; i?2 T 2bbm 2 ;" /B2My) r? 8 ZBiBi+2/ |
2bi #HBb?22/ i?2 T 2242 Bb K2 bm 2 Q7 i?2 K ;MBim/2 Q7 i?2 T 2b
TTHB2/ QM i?2 7THQrX

_ dp .

= — UkXKjV
Ai Bbi?2  iBQ Q7 i?2 T 2bbm 2 M/ i?2b?2 > 7Q +2 +iBM; QM i?2 #
< 0- 7THQrb "2 BM 7 pQ  #H2 T 2bbm 2 ;= 0B2Mi QIt6S " 2XBEQX2 Q
T 2bbm 2 ;" /B2Mi UwS:¥>0-MHD®D "2 BM /p2°b2 T 2bbm 2 :> /B2
*H mb2' 2bi #HBDb?2/i? i 7Q° +QMbi Mi T * K2i2 - i?2 Qmi2 @ 2:B
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+ M #2 b2H7@T 2b2 pBM;- M/ i?mb +QMbBAPX 2H 2D [#22B M8 O[Nh B B2’
bBKBH "Biv + Qbb i?2 2MiB 2 #QmM/ v H v2  +QK2b BMiQ [m2biBQ
+'2 iBM; +'Bi2°BQM i? i i?2 bBKBH 'BivH rb ‘2 T'2b2'p2/ 7Q" ?B
rQmH/ i?mb 2M+QKT bb H ;2 "2 Q7K9X #BmMYbbBIYMD G7 b2H7 @ |
M/ 2[MBHB# BmK +QM/BiBQMb BM im #mH2M+002 2tTHQ 2/ 7m’i?

KXj]XR w2 Q@S 2bbm 2 :" /B2Mi UwS:V

h?2 bBKTH2bi Q7 7HQrb Bb i?2 x2 Q@T 2bbm 2 ;" /B2Mi im #mH2N\
QMVKQmb rBi? 7HQr Qp2° 7H i TH i2- M/ Bb +QMbB/2'2/ + MQMI
2[mBHB# BmK +QM/BiBQMb "2 7' 2[m2MiHv +QKT "2/X PM2 Q7 i?2
i?72 7H i TH i2 #QmM/ v H v2 r b 2tTHQ 2/ #v S?BHHBT EH2# MQ77
M2KQK2i'viQK2 bm '2i?2im#mH2Mi2M2 ;v-b?2 “bi'2bb- M//Bbb
;m2/ ; BMbii?2 +QM+2Ti QBRQEHRBbNDQ YoM ( MBbQi QTv 7 +iQ b rz
iQ#2 mb2/ BM KQ/2HHBM; M/|2KTB?B+#H RTAQ2AIBQ MM/ "vH v2 7Q
#2? pBQ'b H'2 /vQmMiHBNVR2ZBM BZBNB,M MM/ "vVH v2 im #mH2M+2
B+ H7Q KX h?2BMM2" "2:BQM +QMi BMb i?2 KQbi T°Q/m+iBp2 M/ .
BMi2° +iBQM Q7 i?2bK HH2bib+ H2b Q7 im #mH2M+2 M/i?2 + b+ /2
“2:BQM pQR)B+AR(F #v .2 :° 77 Mkj) TQMpB/2/ i?2 “2b2 "+? +QKKmI
rBi? r2HH@/Q+mK2Mi2/ /i # b2 Q7 M 2[mBHB# BmK- ?B;? 2vMQ
7TH i@TH i2im#mH2Mi#QmM/ "vH v2 '/ i mbBM; H b2 " @.QTTH2" M
b?Qr2/ 2vMQH/b MmK#2' BM/2T2M/2M+v Q7 BMM2" b+ HBM; 7Q" i
p2HQ+Biv- M/ hEl- b r2HH b bBM;H2/ Qmi i?2 +H bbB+ HHQ; Hr
b HT Q7BH2 Q7 i?2 K2 M p2HQ+BivBM i?2 BMM2" "2;BQM rBi? bB
MmK#2" ° M;2- bm;;2biBM; i? i 7Q i?2 wS: #QmM/ "v H v2 -i?2 HQ;
M ++m” i2- BM/2T2M/2Mi- /B 2+i K2 bm 2KBMi Q7 i?2 b?2 "~ bi 2bb

kXjXk 6 pQ #H2 S 2bbm "2 :" /B2Mi U6S:V

7 pQ #H2 T 2bbm 2 ;" /B2Mi Bb +? ~ +i2 Bx2/ #v i?2 /2+° 2 bBM; +(
BM+ 2 bBM; p2HQ+Biv 7B2H/ ;" /IB2Mib- "2bmHIiBM; BM M BM+ 2 b2
7 pQ #H2T 2bbm 2 ;" /B2Mib+ M ++2H2 i2i?2 7HQriQ M 2ti2Mi i
ONX :2M2° HHv- QM BMM2 @b+ HBM;b- i?2 T'2bbm 2 ;" /IB2Mi "2;I
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2t?B#Bi p B iBQMb BM i?2 Qmi2° "2;BQMb Q7 i?2 im #ZmH2Mi #Qm
;" /IB2Mi 7HQr- 72 im2Q7bB;MB7B+ MiBMi2 2biBbi?2 2tBbi2M+2
?B:?@KQK2MimK 7HmMB/ iQ i?2 r HH M/ 2D2+i HQr KQK2MimK 7HmE
M/ > M ikB( HbQ 7QmM/ i? ii?2 /B772 2M+2 Q7 M2i im #mH2M+2 T°
r HH "2;BQM #2ir22M i?2 7 pQ  #H2 M/ x2 ' Q T '2bbm 2 ;" /B2Mi +QM,
BKTHB2b i? ii?2/B772 2M+2 #2ir22M i?2 /BbbBT iBQM M/ i?2 T Q/n
2K BMb +QMbi Mi- 2t+2Ti 7Q° ii?2 T2 F-r?22°2i?2BM2'iB H7Q" +.
H2p2H Q7 T Q/m+iBQMX Pp2  HH-i?26S:+ b2? b HQr2 im #mH2N\
Q7 i?2 #QmM/ v H v2 i? M7HQrb BM 2Bi?2  x2°Q Q  mMB@/B 2+iB
Im2iQ i?2 ?B;?2 BMXNEB H7Q +2b (

AMp2biB; iBQMb #v b2p2° H 2b2 "+?22°b? p2b?QrMi? irBi?i?2 2vN\
BMKQbiQ7i?2Qmi2 H v2 - M/+QHH Th2BMi?2Qmi2" "2;BQMb r?2
#mi i?2 K BM /Bb+ 2T M+v +QK2BM22 i7%22 HHH- i?72°2 Bb M BM+ .
i?72 _2vMQH/b b?2 "~ bi'2bb BM i?2 /QrMbi*2 KT "ib Q7 i?2 7 pQ  #H
BM+ 2 b2 Q7 im#mH2M+2 M2 " i?2r HH BM/B+ i2b bHQr /B77mbBQ
i?72 Qmi2° "BWPOMA2 2tBbi2M+2 Q7 HQr@bT22/ bi'2 Fb +QMi"B#miE
/IVvM KB+b BM i?2r HH@ 2;BQM ? p2 #22M Q#b290k3REM- m2p2B Mb6 S :
M/'J mbBR Q#b2 p2/ i? i i?72 6S: ?2 b Km+? HQM;2" 6K2 M/2 " BM;6
HQ; 'Bi?KB+ “2;:BQM r?2M +QKT "2/ rBi? i?2 wS: 7HQrb- +QMbBbi2]|
P2HQ+Biv 7B2H/b b?QrM BM i?2 bind/¥X# A QbPB/WQ E#QMHM/ v H v2
6S:- CQb?B 2\ HXnm(M/ i? i Hi?Qm;? i?2 HQ+ HHv@b+ H2/ _2vMQH/
_2VvVMQH/b MmK#2  BM/2T2M/2Mi M/ r2°2r2 F2 i? Mi?2wS: bi 2bb2l
b?Qr2/ ?B;?2 K ;MBim/2b Q7 im #mH2M+2 M2 " i?2r HH M/ HQr2"
"2:BQMX h?Bbr b/m2iQ ?B;?2 bi*2 KrBb2 M/r HH@MQ K H p2HQ-
BMr2 F2  im#mH2M+2 bi m+im 2br?2M +QKT "2/ rBi?i?2wS: #QmN
BM 7 pQ #H2 T '2bbm 2 ;" /IB2Mi- i?2 bi'm+im 2b "2 KQ 2 BM+HBN
i?72r HH- /m2 iQ i?2 /BbiQ iBQM bbQ+B i2/ rBi? BMBXiBnH27iQ +2b (
i?72 ?B;?2° ++2H2 iBQM-i?26S: Bb HbQ bbQ+B i2/ rBi? H ";2@b+
?2Q°'BxQMi Hi> BMb Q7 pQ iB+2bX Hi?Qm;? K Mv bim/B2b 2tBbi QM
> IB2Mi- Km+? Q7 i?BbrQ ' FBbBM 2[mBHB# BmK @RkR8kdpYX2":2 "2t
1tBbiBM; HBi2° im 2 ? p2 HbQ /Bb+mbb2/ i?2 i° MbBiBQM 7°QK €
M BMbm77B+B2Mi MmK#2" Q7 BM@/2Ti? bim/B2b i? i ? p2 2tTHQ 2
i?2v H2 p2 iQ [m2biBQM i?2 +QM+2Ti Q7 r HH@bBKBH "Biv M/ +'B
T > K2i2°b "2H2p MiiQ MOQM@ B{3¥BXHB# BmK 7HQrb (



lY:Y MAéeA2 0ada O ei 2 afeée #n é2z -Hz-1 k d
kKXjX]j /Ip2 "' b2 S'2bbm 2 :" /B2Mi U S:V

b /p2°b2 T 2bbm 2 ;" /B2Mib "2ivTiB+ HHv +QMbB/2 2/ b mM/2bB"
T +iB+ HBMi2 2bi- bi?2v "2 bbQ+B i2/ rBi? M BM+'2 b2 BM 7HQ
7THQr- M/ ?B;?2 /" ;X aQK2 +QMi" v #2? pBQ' b "2 b22M BM i?2 S
i?72 6S: +QM/BiBQMX 6Q°  BMbi M+2- K2 M 7HQr Bb /2+2H2" i2/ M2
1?22 im #mH2Mi b?2 "~ bi 2bbX AM M S:-i?2 H ;2@b+ H2 im #mH2
BMi?2 Qmi2° "2;BQMb Q7 i?2 7THQr U b QTTQb2/iQ i?72 6S: r?2 2 K(
bK HH@b+ H2 M/ +QM7BM2/ +HQb2 iQ i?2r HH /m2 iQ ?B;?2  BM:
BM M S:-i?2 b+ H2b M/ bi m+im 2b 2 KQ' 2 2M2 ;Bx2/i? Qm;?Q
(3-]3yX h?2 S: T Q7BH2Bb /BbiBM;mBb?2/ #v i?2 T 2b2M+2 Q7 b2+
BM i?2 HQ; Bi?KB+ "2;BQMX bB/2 7" QK KBH/ T '2bbm 2 ;" /B2Mib-
i? 11?2 S:2772+i QM K2 M p2HQ+BivT QT ; i2b/QrMiQ i?2 HQ; "Bi
TQBMi +H bbB+ H "2; 2bbBQM 7Bib mbBM; *H mb2"  K2i?Q/ 2 MQ H
bFBM 7 B#iBYXMh(?2 /p2 b2 T ' 2bbm 2 ;" /IB2Mi K2 M p2HQ+Biv + M #
i?7°22 "2;BQMb /m2 iQ i?2Q 2iB+ H M/ 2tNdH B 2rM@B H?; BOmtND/Mh(Bbi2
rBi? hE1 T2 Fb Q++m "BM; rBi? /Bbi Mg AMKbit2/v A ¢ QMbi Mi w
S:- M/ 6S:-> "mM 2B) BXQr2/ b?Qrb i? i 7Q° HH T 2bbm 2 ;" /IB2Mi
i?72 T°Q/m+iBQM H2p2Hb ~ TB/Hv /2+°2 b2 BM i?2 BMM2" "2;BQMX /
i?72 Qmi2° "2;BQM ? p2 HBiiH2 BKT +iiQ i?72 M2 "Red8X 22pZHHAb b?
bim/B2b ? p2 b?QrM i? ii?2 im #mH2Mi FBM2iB+ 2M2 ;v BM i?2 Qm
Hv2 BbBM+ 2 b2/BjE-3WXH2Bb BM/B+ i2bi? ii?2H ;2@b+ H2 KQi
+? M;2/ BM #2? pBQ Q +? ~ +i2 #mi ? p2 bBKTHv BM+ 2 b2/ BM bi"
S: (j3)X

kX9 LQM@1[mBHB# BmK hm #mH2Mi "QmM/ "\

hQ mM/2 bi M/ i?2 +QM+2Ti M/ #2? pBQ b Q7 7HQrb BM MQM@2[m
2bi #HBb? r? i Bb +QMbB/2°2/iQ #2 7HQrBM 2[mBHB# BmKX 1[mBF
bi i2b BM r?B+? 7THQr T' QT2 iB2b "2 QMHV /2T2M/2Mi QM HQ+ H 7H
K2 Mp2HQ+Biv M/im #mH2M+2[m MiBiB2b rBi? bi'2 KrBb2 TQbBIiB:
QM i?2# bBb Q7 b2H7@bBKBH "BivX AM M 2[mBHB# BmK 7HQr- i?2
iQ M 2[m iBQM r?2°2 i?2 T°Q/m+iBQM M/ /BbbBT iBQM 2M2 ;v i2 K
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2[m iBKXMX AM i?2 MQM@2[mMBHB# BmK 7HQr-i?2 BK# H M+2 Q7 i?.
i2°Kb ; BMbii?2 /BbbBT iBp27Q +2b "2bmHib BM M BM+ 2 b2 Q7 i?
h?2 HQ+ H7HQr +QM/BiBQMb 2 MQr HbQ /2T2M/2Mi QM i?2 ?BbiQ
? b 2tT2 B2M+2/- Q7 r?B+? i?2 2772+ib T2 bBbi M/ 772+ii?2 HQ
bim/B2b ? p2 b?QrM i? i ;Bp2M bm77B+B2Mi bi 2 KrBb2 /Bbi M+2 N
+QM/BiBQMb- MQM@2[mBHB# BmK 7HQr rBHH 2p2Mim H&v "2H t i
e-9-99X Hi?Qm;?i?2 2H t iIBQMIiBK2 Bb bQK2r? i/2T2M/2Mi QM i?2
i?72T2im # iBQMrBi?BMi?2/2p2HQTBM; 7THQr-bim/B2b Q7 "Qm;?M?2
2bi #HBb?2/i? i/Bbi M+2 iQ #@ MH22JQUX A M /MQM @ 2[mBHB# BmK
; IB2Mi- "Q#FRRI7TQIMN/ i?Bb bi'2 KrBb2 H2M;i? 2[mB 2K2Mi 7Q " b
#B5 X

h?2 *H mb2 T 2bbm 2 ;" /B2WA[Tn iBQNR? b Q7i2M #22M mb2/iQ #2 k
bm 2 Q7 i?2 MQM@2[mBHB# BmK T 2bbm 2 ;> /B2Mi 7HQr #2? pBQ |
bm;;2bi2/i? iB7i?2 T 2bbm 2;  /B2Mi MQM@/BK2MbBQM HBx2/ QM
i?2M i?2 7HQr Bb BM 2[mBHB}¥XBmMX MORMBEIB QMbHQ M/ eR#bQM (

7QHHQr2/ *H mb2 6brQ F M/ //2/ M //BiBQM H + Bi2 ' BQM iQ /2b+
2 pBM; TQr2 Hr 2H iBQM7Q i?22/;2p2HQ+Biv/2p2HQTBM; QM i
BM bim/B2b Q7 #B@/B 2+iBQM H T 2bhji #{ 0FHb2MiM 6B NBR? H XHX |
?2 p2 b?QrM i?2 2tBbi2M+2 Q7 ?BbiQ v 2772+ib /QrMbi’2 K Q7 T 2bb
Bb 2pB/2M+2/ #v [2H v2/ 2bTQMb2iQ i?2 T 2bbm 2 ;" /B2Mi brBi+?
Hv2 +m p2b b?Qr + QbbQp2 i? i Q++m b /QrMbi2 K Q7 i?2 S: brE
H2M+2 bi'2bb2b rBi? "2bTQMb2iQ T2 Fb Q7 _2vMQH/b b?2 "~ bi'2bb?2
BM i?2 #QmM/ v H v2 X BBM@20;MBxR2Xi?2 2tBbi2M+2 Q7 ?BbiQ" v
MQi2/i? ii?2 2772+ib 7°QK S: Kmbi #2 /B772 2MiB i2/ 7°QK i?2 6r2
rBM/ imMM2H 7HQr M/ +H BK i? i i?Bb 7BM/BM: Bb QMHV “2H2p Mi
i?2 bim/v Q7 MQM@+QMbi Mi 8)-BRGHRZ 27 iHX2(#QmM/ v H v2  /(
MQiM2+2bb "BHV /2p2HQT # b2/ QM HQ+ HT 2bbm 2 ;" /B2Mi +QMj
Q7 i?2 bi'2 KrBb2 T 2bbm 2 ;> /B2Mi /2p2HQTK2MiX 1bb2MiB HHv-
Hv2 b22KbiQ / TiiQi?2HQ+ HT 2bbm 2 ;" /B2Mi +QM/BiBQMb- #1
+QMiBMmM2 iQ b?Qr #2? pBQ  BM7HmM2M+2/ #v i?2 mTbi 2 K bi iBQM>

6Q  i?2 KQbi T “i-bim/B2bi? i ? p2 2tTHQ 2/i?22772+ib Q7 T 2bbm
[2Mikky-kekNj8-9)N Q" Q7 wS: M/ 6S: 7HQrb i° MbB BB BN hix2 bR: (
bim/B2b- HQM; rBi?i?2 +m "2MirQ F-? p2 +QMbBDbi2MiHv b22M M E
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BMi?2Qmi2 "2;BQM Q7 i?2#QmM/ "vH v2 r?2Mi?27HQri MbBIiBCQC
rQ"F? bT QpB/2/ MBM@/2Ti? 2tTHQ iBQM Q7 i?2i° MbBiBQM 7°(
2MiX b K2MiBQM2/kBMD2KBORM 2 Q7 MOQOM@2[mBHB# BmK +QM/BiB
i?72 b iBb7 +iBOQM Q7 r HH@bBKBH "Bivbm+?i? ii?2Qmi2 "2;BQMbD
iQi?2 2[mBp H2Mi +QM/BiBQMb BM bKQQi? r HH 7HQrX MmK#2°
"Qm;?M2bb 2772+ib 2K BM BM/2T2M/2Mi Q7 T 2bbm 2 ;" /IB2Mi- i?
r HH@bBKBH "BivX "mi 2MQm;? bim/B2b- bm+? k)iPm#2bmE2iiBM?2
i?2 +m "2Mi 2p Hm iBQM Q7 r HH bBKBH "Biv iQ /22K 7HQr BM 2][n
/[IBIBQM T ° K2i2'b "2H iBM; iQ i?2 T°2bbm*2 ;" /B2Mi +QM/BiBQMb

kX8 amKK v M/ : TbBM GBi2 im 2

h?2 bmKK v Q7 HBi2  im 2 i?mb 7 > 2 b b?2QrMi? ii?2°2 "2 K Mv T
i?2 #2? pBQ Q7 i?2 im #mH2Mi #QmM/ v H v2 - M K2Hv r HH +QM/
T 2bbm 2 ;" /B2MiX h?2b2 p "B #H2b ? p2 #22M BM/2T2M/2MiHv BM
#mi 7HQrb Q7 T  +iB+ HBMi2 2bi '2KQ 2 +QKTH2t M/ Q7i2M +QMb
2M+2b Q7 p "VBM; T 2bbm 2 ;" /B2Mi ?BbiQ B2b M/r HH +QM/BiBQNM
#Qi? HQ+ H M/ mTbi'2 K 7HQr /2p2HQTK2Mi- i?2 7THQr Bb +QMbB/2
h?2°2Bb H +F Q7 bm77B+B2Mi mM/2 bi M/BM: QM i?2 +QKTQmM/
M/ MQM@2[mMBHB# BmK T 2bbm 2 ;> /B2Mi QM i?2 p2HQ+Biv 7B2H/

h?2 +m>"2Mi > v Q7 HBi2  im'2 ? b T°'QpB/2/ bi'QM; 7QmM/ iBQN\
BM/2T2M/2Mip "B #H2bc Bi Bb +QKKQMHV ++2Ti2/i? i- +QKT “2/i0Q
T /IB2Mi 7HQr UBX2X 7HQr +°Qbb bKQQi? 7H iTH i2V-i?22772+iQ
iIQBM+'2 b2i?2im#mH2M+2 BMi2MbBiv M/ Qmi2 " H v2 b+ HBM; T
Q7 7 pQ #H2 T '2bbm 2 ;" /B2Mi Bb iQ ++2H2 i2i?2 7HQr- BM+".
2/Im+2 0?2 im#mH2M+2 BMi2MbBiB2b bm+? i? ii?2 7THQr TT Q +?2

AiBb HbQ +QKKQMHV Q#b2 p2/i? ii?22772+i Q7 "Qm;?M2bb Bb iQ
#QmM/ v H v2' M/ Bib +? > +i2 ' BbiB+ T°QT2 iB2b +QKT “2/iQ i?2
2 /IBbTmi2/ QTBMBQMb “2: “/BM: i?2 +QKT " iBp2 /IB772 2M+2b #2i
K2 Mb Q7 i?2 Q7 i?2r HH@bBKBH "Biv ?2vTQi?2bBb- r?B+? Bb i?2 N\
"Qm;?M2bb 2772+ib "2 HBKBi2/ rBi?BM i?2 BKK2/B i2 pB+BMBiv Q"
i? i QmibB/2 Q7 i?Bb "2:BQM- i?2 #QmM/ v H v2  #2?2 p2b b M 2[m
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i?72 b K2 Qmi2 H v2 T'QT2 iB2bX Jm+? Q7 i?Bb /2# i2 +QK2b 7 QK
B7vBM: 7HQr "2:BK2b M/ "Qm:?M2bb T QT2 iB2b iQ r?B+? i?2 r HH(
TTHB2/X aQK2 bim/B2bbm;:2bi #QmM/b # b2/ QM i?2 T?vbB+ H ;2Q}
"Om;?M2bb 2H2K2Mi rBi? "2bT2+iiQ i?2 Qp2" HH #QmM/ "V H v2 i?E
bm::2bi b+ H2 ' iBQb # b2/ QM i?2 +? * +i2°'Bx iBQM Q7 i?2 7THQr Bib
T K2i2°7Q° "Qm;?r HHb Bb Q7i2M i F2M iQ #2 /IBK2MbBQMH2bb 2
T K2 # b2/ QMi?22 "Hvbim/B2b Q7 TBT2FH O 2p L' BRM HH2N ;2
‘Bb2 BM T +iB+2 b Bi Bb /B77H+BI@EBKBI2NEKBTY2 KI2i2" :Bp2M
"Qm;?M2bb ;2QK2i'v- M/ BM i?2 #b2M+2 Q7 /B 2+i K2 bm 2K2Mib
BMiQ/m+2b mM+2"i BMivr?2M BM/B 2+iHv /2i2 " KBMBM: Bib K :MBi
7HQr +QKT "BbQM #2ir22M "Qm:? M/ bKQQi?r HH Bb HbQ mM+H?2
/IBb+mbbBQM QM MQM@HQ+ H/2T2M/2M+B2b 7Q" #Qi? "Qm:? M/ bl

AM //BiBQMiQ M mM/2'bi M/BM; Q7 i?2b2 7mM/ K2Mi H 7THQr #27?
7B+B2Mi "2b2 "+? "2; '/IBM; HBKBi iBQMb Q7 KmHIB@TQBMi K2 bm"
S 'iB+H2 BK ;2 p2HQ+BK2i'v USAoV Bb BM+ 2 bBM;HV #2+QKBM;
MB[m2 7Q° im #mH2M+2 bim/B2b- i?mb M bb2bbK2Mi Q7 i?2 #B b
MM/2 @ 2bQHp2/ K2 bm 2K2Mib Bb M2+2bb "vX aT iB H 2bQHmMIBQ
ii2Mm i2 K2 bm 2K2Mib Q7 i?2 im #mH2M+2 bi iBbiB+bX HbQ-i?2
bm 2K2Mib K /2 Qp2° "Qm:?r HH p2°bmb bKQQi?r HH ‘2 MQi /Bt
MBbQi'QTB+ im #mH2Mi #QmM/ “v- i?2 b+ H2b BM i?2 /QKBM Mi bi
iBQM "2 Km+?H ;2 " p2°bmbBMi?2r HH@MQ K H/B ' 2+iBQMb- M/
QM i?2 K2 bm 2/ [m MiBiB2bX o "B iBQMb BM +QKTQM2Mi@rBb2 i
BMi2 T 2i iBQMb Q7 +QKT * iBp2 bi iBbiB+b #2ir22M 7HQr +QM/BiB
bKQQi? M/ Qm;?r HH/Bb+ 2T M+B2b +QK2 7 QK p "B iBQMb BM i?:
Q B7i?2°2 27 Hb2Dm/;2K2Mib BM i?2 K2 bm 2K2Mi Q7 i?2 THQr 7
i?Bb ? b K DQ° BKTHB+ iBQM r?2M +QKT "BM; im #mH2Mi bi iBbiB-
MmK#2'b M/r HH +QM/BiBQMbX

h?2°'2 "2i? 22K BM; TbBMi?2HBi2"  im2i? i 2 //"'2bb2/ BM i?Bl

RXM BKT Qp2/ 7TmM/ K2Mi H mM/2 bi M/IBM; Q7 i?2 +QK#BM2/ 27
MQM@2[mBHB# BmK T 2bbm 2 ;" /B2Mib QM i?2 p2HQ+Biv 7B2H

kxh?2 HBKBi iBQMb Q7T  +iB+ HK2 bm 2K2MibBM 2T 2b2MiBM;
+QKT " iBp2 Tm TQb2bX
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jXh?2 p HB/Biv Q7 i?2r HH@bBKBH "Biv ?2vTQi?2bBb 7Q° "Qm;? r
bm 2 ;" /IB2Mi ?BbiQ ' B2b M/ +QKT "~ iBp2 /IB772°2M+2b #2ir22M
im#mH2M+2 +? ~ +i2 BbiB+bX



*2 Ti2" ]

aT i B H 2bQHmMiBQM GBKBi iBC
S 'iIB+H2 AK ;2 02HQ+BK2i v BM
_2VMQH/b LmK#2 hm #mH2Mi
"OmM/ v G v2 b

h?2 +QMi2Mib Q7 i?Bb +? Ti2° +QMi BM K Mmb+ BTiBMi?2 aT BM;:
i? i ? b#22M bm#KBii2/ M/ BM@ "2pB2r tQ 2 TBrk2HBib BEINIHHIIQE PX
h?Bb +? Ti2 T '2b2Mib M BMp2biB; iBQM Q7 i?2 2772+i Q7 mM/2"
bm 2/ rBi? T "iB+H2 BK ;2 p2HQ+BK2i'vmM/2 @ 2bQHmMiBQM QM i?
im #mH2M+2 bi iBbiB+bX

jK








































































*?2 Ti2 9

>BbiQ v 1772+ib M/ g HH aBKBF
LOM@1[mBHB# BmK hm #mH2Mi
Gv2 bBMo vBM; S 2bbm 2 : /
Pp2 Om;? M/ aKQQi? am 7 +2

h?2 +QMi2Mib Q7 i?Bb +? Ti2  +QMi BM K Mmb+"BTi BM i?2 1Hb2pB
iQ #2 bm#KBii2/ M/BM@ 2pB2r 7 QMIi&1#H BB-Qi GMCIQm? % H Q7 >2 |

BHQrh?Bb rQ Fr b BMpBi2/iQ Tm#HB+ iBQM iQ i?2DQm M H 7i2" #
AMi2 M iBQM H avKTQbBmMK QM hm #mH2M+2 M/ a?2 > 6HQr S?2MQ
T 2b2Mib M 2p Hm iBQM Q7 i?2 T ~ K2i2 b M2+2bb v iQ /2i2 KBM:
bBKBH "Biv 2vTQi?2bBb 7Q° "Qm;?2 r HH im #mH2Mi #QmM/ v H v2°
“ IB2MiX

8e
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